Approximately 12 rhesus macaques (Macaca mulatta) were introduced to the forests along the Silver River, central Florida, USA, between 2 introductions in the 1930s and 1940s to increase tourism; this land is now Silver Springs State Park (SSSP). By the mid-1980s the population along the Silver River reached nearly 400 individuals. Approximately 1,000 animals were trapped and removed from 1984 to 2012 to reduce population growth and mitigate negative macaque-human interactions. This practice was halted due to extensive public controversy, and consequently no population management has been implemented since 2012. To aid in informing management decisions related to rhesus macaques, we estimated the fall 2015 population size within SSSP, developed an age-structured matrix model to estimate the population growth rate, and examined the efficacy of 4 management strategies to regulate this population, including culling (50% or 80% of subadults and adults) and sterilizing adult females (50% or 80% 3 years old). Our assessment suggested there were 176 macaques among 5 social groups within SSSP in fall 2015. We estimated this population was growing and will likely double in size by 2022 without management intervention. Management actions designed to eradicate the macaque population would be most effective by removing 50% of subadults and adults at least biennially. The population could be reduced to about a third of the fall 2015 size by sterilizing 50% of adult females annually or 80% biennially. The rhesus macaque population extends outside of our study site, and thus our results are a proxy for management implications in the region. Managers tasked with rhesus macaque management must carefully weigh the trade-offs of these options in future management of this charismatic, invasive species. Ó
Humans have intentionally or unintentionally relocated nonhuman primates (i.e., primates) to novel habitats for 5 centuries (Long 2003) . Rhesus macaques (Macaca mulatta) are successful invaders when introduced into novel habitats in the United States. Introduced rhesus macaques on Desecheo Island National Wildlife Refuge, Puerto Rico, decimated bird populations through nest predation (Evans 1989) . Rhesus macaques and patas monkeys (Erythrocebus patas) unintentionally released in southwest Puerto Rico caused millions of dollars in crop losses and management costs (Engeman et al. 2010) . A population of rhesus macaques raised on Morgan Island, South Carolina, USA, for biomedical research caused increased levels of fecal coliform bacteria and Escherichia coli in surrounding tidal creeks (Klopchin et al. 2008) . Rhesus macaques raised on Key Lois and Raccoon Key in the Florida Keys, USA, from the 1970s to 2000 caused extensive environmental damage to the islands, including the destruction of 0.12 km 2 of red mangroves (Rhizophora mangle; Kruer 1996) .
The ability of rhesus macaques to thrive in novel environments is likely due to their plasticity in habitat requirements. This species has the largest native range of any non-human primate (Southwick et al. 1996) , spanning elevations from sea level to 4,000 m (Fooden 2000) . They are arboreal and terrestrial. They forage primarily on plants and supplement their diet with small vertebrates, invertebrates, eggs, and honeycomb (Fooden 2000) . Rhesus macaques live in social groups consisting of adult females and her offspring, an adult alpha male, and subordinate adult males. Females remain with their natal groups their entire lives. Most males leave their natal group after reaching sexual maturity, then live independently or in bachelor groups until they join a new group (Maestripieri and Hoffman 2012) .
Rhesus macaques thrive in human-dominated landscapes ) and select disturbed habitats ; this has led to overpopulation in humandominated landscapes throughout their native range (Fooden 2000 , Wellem 2014 . In urban and suburban areas in their native range throughout central and southern Asia, rhesus macaques receive provisional food from human feeding, raiding trash bins, and crop raiding. Provisional food provided from humans is usually calorically rich and more abundant and reliable, and requires less energy expense when compared to natural foods (Sengupta et al. 2015) . Consequently, average group size of provisioned rhesus macaque populations is larger (76.9) than non-provisioned groups (32.3; Fooden 2000) . Similarly, population densities are 5 times larger on average in human-dominated habitats (201.1/km 2 ) than forested habitats (37.2/km 2 ; Fooden 2000) .
Increased population growth and density of rhesus macaques and humans have increased interactions and conflict between these species. In native and introduced rhesus macaque populations, population control efforts include trapping and removal (Southwick et al. 1980 , Malik et al. 1984 , lethal culling (Wang and Quan 1986 , Saraswat et al. 2015 , L opez-Ortiz 2016 , and sterilization (Wellem 2014 , OPCF 2016 . Variation in anthropogenic sentiment towards this species complicates and influences management strategies. Human-macaque conflict (e.g., crop-raiding, aggression) is not uncommon, yet this species is also considered sacred to many humans in parts of its native range (Pirta et al. 1997 , Radhakrishna et al. 2013 , Saraswat et al. 2015 . Consequently, rhesus macaque populations surrounding these locations, such as Hindu temples, are among the largest and densest in the world (Fooden 2000 , Radhakrishna et al. 2013 .
Rhesus macaques were introduced in the 1930s into Silver Springs, a tourist attraction in central Florida, to increase tourism. This area was purchased by the state of Florida in 1985 and became Silver Springs State Park (SSSP; Florida Department of Environmental Protection [FL DEP] 2014). The original rhesus macaque introduction included approximately 6 individuals released on an island in the Silver River. Rhesus macaques are proficient swimmers, which allowed the animals to swim across the Silver River and establish on the river banks. Approximately 6 additional macaques were released around 1948 (Wolfe and Peters 1987, Hammond 1989) . By 1968 the population was estimated at 78 individuals between 2 groups (Maples et al. 1976) , and by the 1970s had expanded to natural areas beyond the Silver River (Montague et al. 1994) . The macaque population grew to >150 individuals along the Silver River by 1979 (Sarris 1980) and reached almost 400 individuals by 1984 (Wolfe and Peters 1987, Wolfe 2002) .
Managers of this park have previously attempted population control of introduced rhesus macaques through trapping and removal, but the lack of public support has repeatedly terminated this practice. Beginning in the mid-1980s, negative human-macaque interactions in Florida were increasingly of concern to natural resource managers. Of concern was the risk of exposure of park visitors and staff to the zoonotic herpes B virus carried by macaques and present in the population in Florida (Montague et al. 1994 , Wisely et al. 2018 . Although transmission of this virus from macaques to humans is extremely rare, it can be fatal (Huff and Barry 2003, Jones-Engel et al. 2006) . Concurrently, ecological effects from rhesus macaques, including potential depredation of bird nests (Montague et al. 1994) , was also of increasing concern to natural resource managers. In 1984, approximately 225 rhesus macaques were removed from the Silver Springs area and sold to a biomedical research supply company to reduce macaque density and related interactions with people and negative ecosystem effects. The public demonstrated extensive negative feedback over the removal of the rhesus macaques, which led to the elimination of the removal program (Wolfe 2002) . Over the next decade, additional animals were removed through lawful and unlawful efforts, with removals approaching 500 individuals in 1984 -1993 (Wolfe 2002 . From 1998 to 2012, an estimated 832 rhesus macaques were trapped and removed from SSSP and adjacent lands, approximately 630 of which were from SSSP (Anderson et al. 2017b ). These animals were also sold into the biomedical research industry. Again, this incited controversy and protest from animal rights groups, leading to termination of the removal effort. Although public sentiment against culling was strong, a 2012 online petition calling for a sterilization program in lieu of a trapping program for the SSSP rhesus macaques received nearly 2,000 signatures (Anderson 2016) . Riley and Wade (2016) estimated the spring 2013 SSSP rhesus macaque population, prior to the end of birthing season, included 118 individuals (111 among 4 groups and 7 peripheral males).
Management of charismatic invasive species is difficult and controversial (Verbrugge et al. 2013) . Given the potential ecological ) and human health (Wisely et al. 2018) consequences of this population, we aimed to assess the status of the rhesus macaque population in SSSP and develop a modeling tool to inform population control efforts. We began by estimating the rhesus macaque population size in SSSP in fall 2015. We then used an age-structured matrix population model to explore the efficacy of management options to reduce the population size.
STUDY AREA
The 19-km 2 SSSP is situated along the Silver River, a spring-fed river that flows east into the Ocklawaha River (Fig. 1 ). The park contains 21 natural communities (Florida Natural Areas Inventory 2016) and provides habitat for 18 endemic and 10 endangered plant species (Hubbard and Judd 2013) . The lands along the Silver River are floodplain swamp with canopies dominated by bald cypress (Taxodium distichum) and including pop ash (Fraxinus caroliniana), sabal palm (Sabal palmetto), red maple (Acer rubrum), water hickory (Carya aquatica), sugarberry (Celtis laevigata), sweetgum (Liquidambar styraciflua), sweetbay (Magnolia virginiana), and American elm (Ulmus americana). The floodplain swamp is predominantly surrounded by upland hardwood forest, comprised of oaks (Quercus spp.), hickories (Cary spp.), sabal palms, and pines (Pinus spp.), including pignut hickory (Carya glabra), sugarberry, sweetgum, sweetbay, loblolly pine (Pinus taeda), Shumard oak (Quercus shumardii), southern live oak (Quercus virginiana), sabal palm, and live oak (Quercus hemisphaerica; Hubbard and Judd 2013). Classified as subtropical climate (Chen and Chen 2013), November-May includes a cool, dry season that is typically sunny and clear but occasionally includes rainfall and frost. January daily temperatures range from 78C to 248C with an average precipitation of approximately 9 cm (Hubbard 2008) . June-October marks a hot and humid season, with nearly daily thunderstorms. August daily temperatures typically range from 248C to 358C with average precipitation of 15 cm (Hubbard 2008) . Elevation within the park ranges from 0.014 km to 0.023 km above sea level; throughout most of the park, the relatively flat uplands slope down to the floodplain along the Silver River (FL DEP 2014).
The lands around the Silver River have been managed as a tourist attraction since the 1870s. The area around the headspring on the northwestern corner of the property is developed for management and tourist use including several buildings, large parking lots, a restaurant, a public canoe and kayak launch, a dock for glass-bottom boat tours, and a waterpark (FL DEP 2014; Fig. 1 ). The lands along the Silver River in the central and western portions of the property are managed as native forests and public access is largely restricted (FL DEP 2014; Fig. 1 ). In 2012-2013 the park attracted 243,080 visitors, provided 179 jobs, and was estimated to contribute $11 million in direct economic input (FL DEP 2014).
METHODS

Population Estimate
We collected data on the rhesus macaque population size within SSSP from 27 September to 14 November 2015. We identified rhesus macaque groups by the number of individuals, age and sex composition, location, and individuals with unique physical features (e.g., visible injuries, scars, unique facial compositions; Hasan et al. 2013, Jaman and , following a research protocol approved by the University of Florida Animal Ethics Committee (Institutional Animal Care and Use Committee protocol number 201308022). Data collection was approved by the Florida Department of Environmental Protection (permit number 01281413).
The 2 groups of rhesus macaques (i.e., groups I, II) nearest the headspring of the Silver River were habituated to human presence on land because of their proximity to the developed tourist portion of the park. These animals were not fearful of humans approaching them. This allowed us to conduct point count censuses of these 2 groups (Seth and Seth 1983 , Imam and Ahmad 2013 , Jaman and Huffman 2013 using bait spread in open, grassy areas to attract the macaques. We differentiated groups I and II by spatial separation, individuals with unique characteristics (e.g., scars), and age and sex composition. We counted individuals in 4 age and sex classes: adult males, adult females, subadults, and infants (Southwick et al. 1980 , Johnson et al. 1988 . We repeated counts with these groups until 2 observers independently counted the same number of individuals 3 times. The 3 groups in the central and eastern portions of SSSP (i.e., groups III, IV, V) were not habituated to humans on land because they do not come into contact with the developed, tourist areas of the property. These animals fled the area when we approached them, which prohibited us from conducting point counts with these groups. Thus, we used camera traps to estimate the size of these groups. Camera traps provide an efficient mechanism for studying unhabituated, terrestrial primates (Gerber et al. 2014 , Li et al. 2015 . We placed 11 camera-trap stations in the floodplain swamp, 5 on the north bank and 6 on the south bank, with approximately 1 km between each station (Fig. 1) . We selected the floodplain swamp because rhesus macaques have been observed selecting this habitat during the cool, dry season (Anderson et al. 2017a) . Each camera-trap station had 4 camera traps facing in opposing directions, with a minimum of 15 m between each. We placed corn in front of each camera daily to attract the rhesus macaques, either by hand or via automatic dispensers in remote locations that were not accessible daily. We used the camera-trap data to count the number of individuals in the 4 age and sex classes during each minute the rhesus macaques were present in the station. Double-counting of individuals was prevented by the synchronized time stamps of the camera traps and by the distance between the camera traps. Although rhesus macaque groups forage collectively, this method did not allow us to observe every individual in the group simultaneously. We estimated minimum group size as the largest number of individuals simultaneously observed within each respective age and sex class. Sex could not be distinguished in the infant or subadult age classes using the cameras and we assumed it was a 1:1 ratio (Berman 1988 , Bercovitch et al. 2000 . We placed 3 camera-trap locations within the range of group 1 as identified by Anderson et al. (2017a) and followed identical protocols to those in other parts of the study area. Two of these locations were found to also be within the home range of group II (Fig. 1) , although the 2 groups only occurred in the same location simultaneously on 1 occasion during the study period. Groups I and II were easily identified via camera-trap data (based on identifying characteristics) because we had spent substantial time conducting point censuses with these groups. Using camera-trap data, we counted the number of individuals in these groups by the 4 age and sex classes, as we had with groups III, IV, and V. We compared our census data of groups I and II to the counts per age and sex class via the camera-trap data to determine detection probability (Gerber et al. 2014 , Mackenzie et al. 2003 ) of the camera-trap method. We calculated detection probability as the proportion of the number of individuals in each age and sex class observed from the camera-trap data divided by the known number of individuals in each age and sex class from the census data (Rowcliffe et al. 2008) . We then used the detection probability to estimate the number of individuals in groups III, IV, and V based on minimum group size observed from the camera-trap data (Table S1, available online in Supporting Information). We calculated the proportion of individuals in each age class. We calculated fertility (F x ) as the ratio of infants to adult females (Wolfe and Peters 1987 , Hern andez-Pacheco et al. 2013 , Tian et al. 2013 .
Model Design
We used an age-structured matrix population model to estimate future population growth of rhesus macaques in SSSP using discrete, annual time steps (Caswell 2001 , Hern andez-Pacheco et al. 2013 , Hern andez-Pacheco et al. 2016 ). These models incorporate F x and survivorship (P x ) by age class to project future population size. Because female rhesus macaques are promiscuous (Wolfe 2002, Maestripieri and Hoffman 2012) , reproductive success is not limited by adult males Kessler 1986, Hern andez-Pacheco et al. 2013) . We, therefore, created the matrix model based only on females within the population (Hern andez-Pacheco et al. 2013). We classified infants as <1 year old; we assumed equal sex ratio of infants (Berman 1988 , Bercovitch et al. 2000 and that infant survival did not vary by sex (Hoffman et al. 2010 ). We categorized subadults as 1-and 2-year-olds; we therefore assumed half of surviving subadults would become adults each year (Malik et al. 1984 ; Fig. S1 , available online in Supporting Information). Although 3-year-olds are sometimes considered subadults Siddiqi 1977, Johnson et al. 1988 ), the average age at first birth for female rhesus macaques is 4 (Drickhamer 1974 , Tian et al. 2013 . We conducted our 2015 population estimate during fall, which is the breeding period of rhesus macaques in SSSP (Hammond 1989) , and conducted our population models with annual timespans with respective estimates in fall. Because most females are sexually mature during the breeding season of their third year (Bercovitch and Harvey 2004) , adult females were those 3 years old. We identified adults through body size and reddening of the of the facial and anogenital skin, which is prominent during the breeding season (Maestripieri 2010) . The initial population size within the models was based on the fall 2015 population estimate, with the number of female infants and subadults estimated as half of the number of individuals in these age classes (because we assumed equal sex ratio in these age classes), and the total estimated number of adult females. We multiplied the estimated F x by 0.5 to include only female offspring (F f ; Hern andez-Pacheco et al. 2013, Tian et al. 2013 ). Because the population was below potential carrying capacity, the model did not consider density dependence (Crockett et al. 1996 , Hern andez-Pacheco et al. 2016 . We conducted all simulations using the popbio package (Stubben and Milligan 2007) in R (version 3.2.5, www.r-project.org, accessed 15 June 2016; code available in Appendix A, available online in Supporting Information).
Model Parameterization
Because survival by age class is unknown in SSSP, we used survivorship rates from published studies of other rhesus macaque populations in our models (Crockett et al. 1996) . Two of the studies derived age-specific survivorship from growing populations (Jiang et al. 1998 , Hern andez-Pacheco et al. 2013 , and 2 from stable populations (Southwick et al. 1980 , Johnson et al. 1988 ; Table S2 , available online in Supporting Information). We used the reported age-specific survival rates from each study to predict how long it will take the SSSP population to reach 400 individuals, the population size that incited management efforts in the mid-1980s ( Fig. S2 , available online in Supporting Information). A posteriori observations indicated the models projected population growth using survival rates reported by Hern andez- Pacheco et al. (2013;  annual population growth rate [l] ¼ 1.105) and Jiang et al. (1998; l ¼ 1.153) , and population size was projected to slightly decrease using the survival rates reported by Johnson et al. (1988; l ¼ 0.969) and Southwick et al. (1980; l ¼ 0.936) . The SSSP rhesus macaque population estimates in 1968 (N ¼ 78) and 1984 (N ¼ 400) suggest l during this period was approximately 11%. The annual growth rate using the survivorship rates from Hern andez- Pacheco et al. (2013) was the closest to previous population growth in SSSP; therefore, we selected this growth rate for further analyses.
Using the popbio package, we calculated sensitivity and elasticity of the model to compare how these parameters influenced l (Caswell 1978 , de Kroon et al. 2000 , van de Kerk 2009 ). Using the survivorship rates from Hern andez-Pacheco et al. (2013), we modeled future population size under 4 management scenarios: culling 50% of subadults and adults, culling 80% of subadults and adults, sterilizing 50% of sexually mature females (3 yrs old), and sterilizing 80% of sexually mature females (3 yrs old). Because the efficacy of management strategies can be influenced by the timing and frequency of implementation (Abrams 2009 , Wells et al. 2016 , we modeled the 4 management scenarios implemented at 4 timescales: annually, biennially, every 5 years, and every 10 years (code provided in Appendix A). We estimated the number of individuals in the population at each time based on the predicted number of females (from the models) and the predicted female:male ratio. Because we assumed infants and subadults had a 1:1 sex ratio, we doubled our values from the female-only models. Post hoc observations suggested the adult male to adult female ratio was 1:2.3. Therefore, for every adult female projected to be in the population at a given time, we estimated there would be 0.43 adult males. We did not predict population size beyond 400 because the carrying capacity of rhesus macaques in SSSP is unknown.
RESULTS
There were 81 macaques between groups I and II (Table 1) . From the camera-trap data, we were able to detect 60 macaques between these 2 groups. Detection probability varied by age and sex class: 83% for adult males and females, 54% for subadults, and 100% for infants (Table 1) . Using the camera traps, we observed 78 individuals among groups III-V (Table 2) . After accounting for detection bias, we estimated there were 95 individuals among the 3 groups (Table S1 ). Overall, we estimated 176 individuals among the 5 groups (Table S1 ).
Sensitivity and elasticity analyses indicated adult survivorship (S a ) was more than twice as influential on l than any other parameter (Fig. 2) . The female population was projected to reach extinction by 2019 if 80% of subadults and adults were culled annually and by 2024 if 50% of subadults and adults were culled annually (Fig. 3) . The population was projected to reach extinction by 2022 if 80% of the animals were culled biennially and by 2032 if 50% of the population was culled biennially (Fig. 3) . No other culling models reached extinction by 2035, although the population was estimated to be near extinction in 2031 if 80% of adult females were culled every 5 years (Fig. 3) .
Sterilizing adult females was never projected to lead to extinction. Sterilizing 50% or 80% of adult females annually decreased the population size to less than a third of the 2015 size by 2035. Biennial sterilization of 80% of adult females yielded similar results to annual sterilization of 50% of adult females. Sterilizing 80% of female adults every 5 years was projected to stabilize the population. Sterilizing 50% of adult females less frequently than every other year was projected to allow continued population growth; similarly, sterilizing 80% of adult females every 10 years projected population growth (Fig. 3 ).
DISCUSSION
The estimated age and sex composition of the rhesus macaque population in SSSP was similar to native populations in Asia. The 1:2.3 ratio of adult male to female rhesus macaques was similar to numbers reported in native populations in India (Makwana 1978, Seth and Seth 1983) and previous reports of the SSSP population (Wolfe and Peters 1987) . Sexually immature individuals comprised 59% of the population, consistent with native populations undergoing population growth (Southwick et al. 1980) . Fertility, the proportion of infants to adult females, was estimated to be 78%; this was consistent with rhesus macaque populations in tropical and subtropical climates (Southwick et al. 1996 ) and a previously reported fertility rate in SSSP by Wolfe and Peters (1987; 81%) .
Compared to native and other introduced rhesus macaque populations, the 2015 population density and number of groups of rhesus macaques in SSSP was relatively small (Fooden 2000) . However, the estimated growth rate from our study (l ¼ 1.105) suggests the number of animals within SSSP will approach 400 individuals, the size previously deemed problematic, by the year 2023 without management intervention. Increased density of rhesus macaques in SSSP will likely exacerbate environmental and human health (Wisely et al. 2018) threats of this population. The management plan for SSSP includes the removal of non-native species (FL DEP 2014) . Our model suggests eradication may be possible through culling, and population maintenance or reduction is possible through sterilization. The models in this study do not account for sources of variation such as environmental, demographic, or genetic stochasticity, and consequently cannot precisely predict future population sizes (van de Kerk 2009). Further, the number and size of rhesus macaque groups in natural areas adjacent to SSSP is unknown, and therefore the regional population size of rhesus macaques is unknown. Reduction or management of the larger rhesus macaque population would require a better understanding of the number, size, and extent of macaque groups outside of SSSP and coordinated efforts among land managers. Thus, projections from our study are a proxy for management implications for macaques in the region. Further, they can be used by managers to compare tradeoffs between different management strategies as a guideline for decision-making.
Our models indicate the most efficient management action to reduce population size is culling. Prior to a 1978 ban of primate exports, the rhesus macaque population in India dwindled in response to the trapping and removal of animals for sale into the research industry (Malik et al. 1984 , Malik 1989 ; however, the population rebounded quickly after the trapping ban (Southwick et al. 1986 , Malik 1989 ). An introduced population of Japanese macaques (Macaca fuscata) in Texas was trapped and moved into a fenced enclosure (Born Free USA Primate Sanctuary 2017), which eliminated a free-ranging and problematic population (Feild et al. We cannot state with certainty the population of rhesus macaques in SSSP can be eradicated because our model assumed the population was closed to immigration. If managers successfully removed the current groups of rhesus macaques from SSSP, it is possible the population within SSSP could be restored via immigration from surrounding rhesus macaque groups (Early Detection & Distribution Mapping System 2017). The current size and distribution of rhesus macaques in natural areas adjacent to SSSP is unknown, and the likelihood of immigration cannot be predicted. Maintaining, or reducing, the current population size of rhesus macaques in SSSP without fully eliminating it may prevent rhesus macaques from surrounding areas from immigrating into SSSP, either through aggression or lack of resource availability due to the occupant rhesus macaques (Ciani 1986 , Fooden 2000 . This could potentially afford researchers and managers additional time to evaluate these surrounding groups and determine effective management strategies for the region.
Maintaining or reducing the current population size of introduced rhesus macaques could be accomplished through sterilization. At least 3 options are available for female contraception. Females in SSSP were previously sterilized via hysterectomy (Hammond 1989) ; although effective, this invasive procedure cannot be conducted in the field and requires a monitored recovery period. A sterilization program began in Hong Kong in 1998, representing the first large-scale macaque sterilization program (Wellem 2014). Females were initially injected with Spray Vac TM , an immuno-contraceptive vaccine; despite initial success in field trials (Wong and Chow 2004) , it had limited long-term effectiveness with the macaque population in Hong Kong (K. Martelli, Ocean Park Conservation Foundation [OPCF], personal communication). Since 2009, managers in Hong Kong have used an endoscopic tubectomy procedure to sterilize adult females and vasectomize males (Wellem 2014 , OPCF 2016 . This program reduced the fertility rate from over 60% in 2009 to less than 30% in 2015 (OPCF 2016).
Reported annual growth rates for increasing rhesus macaque populations range from 3.8% to 26.9% (Fooden 2000) . Rhesus macaque populations demonstrate densitydependent biosocial mechanisms of population control. Southwick et al. (1980) suggest this is typically through reduced natality or increased mortality among subadults and adults. The SSSP rhesus macaque population size reached approximately 400 in the mid-1980s, but the potential carrying capacity of this population, or the point at which the population will begin demonstrating density-dependent population regulating mechanisms, is unknown. This study 2013), under 4 management scenarios: culling 50% of subadult and adult females, culling 80% of subadult and adult females, sterilizing 50% of adult females (3 yrs old), and sterilizing 80% of adult females. We provide projections for each scenario implemented at 4 levels of frequency: annually, biennially, every 5 years, every 10 years. We note the point at which the female population (N f ) reaches 234 individuals because this is where total population reaches 400 and carrying capacity beyond this population size is unknown. and historical population estimates indicate this population is capable of extensive growth, which may lead to expansion into other areas. Therefore, the growth of the SSSP population is not only of concern within SSSP but rather throughout central Florida.
MANAGEMENT IMPLICATIONS
Our models suggest culling would reduce the rhesus macaque population in Silver Springs State Park, Florida, more quickly and be far more likely to lead to eradication than sterilization. If managers prioritize complete removal of the population, culling via trapping and removal or euthanasia may be viable options. If managers prioritize stabilizing the population or slowing growth, sterilization may be an effective strategy.
